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Abstract: In Finland, in the period 1996–2017, 28,434 forest fires were recorded (an average of 1,292.5 per year), 
and the total burned area was 11,922 ha (an average of 541.9 ha per year). In both cases, a statistically non-
significant downward trend was recorded. Forest fires in Finland do not represent a particularly significant 
problem, primarily due to climatic characteristics, well-organized fire protection, and low density of population. 
The research of climate influence included the Atlantic Multidecadal Oscillation (AMO), the North Atlantic 
Oscillation (NAO), and the Arctic Oscillation (AO). The statistically significant values (p ≤ .05) of Pearson 
correlation coefficient were recorded for the August values of NAO and the surface area of burned forest 
(−0.44), the June values of NAO and the average surface area of forest burned per fire (−0.51) and the May AO 
values and the average surface area of forest burned per fire (−0.45). For the June values of NAO and the 
average surface area of forest burned per fire, the Lomb periodogram shows four significant peaks, and the 
match is at two, at 2.4 and 3.4 years, which supports the hypothesis of the connection between NAO and forest 
fires in Finland. 
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Introduction 
Finland belongs to the geographical region of Northern Europe and covers an area of 338,455 km
2
 
(34,534 km
2
 of water surfaces—lakes, rivers, etc.) with over 5.5 million inhabitants (~18 per km
2
), 
most of whom live in its southern part (Statistics Finland, 2019a, 2019b). Finland is the most forested 
country in Europe (73.11%), and according to the land classification based on its purpose, even 86% 
of the area is forest land (Finnish Forest Association, 2017a). Most of Finland is in the boreal zone of 
conifers so that the most common species of trees are Scots pine (Pinus sylvestris L.) and Norway 
spruce (Picea abies L.). Among the deciduous species, the most common are silver birch (Betula 
pendula Roth.) and downy birch (Betula pubescens Ehrh.). In Finland, forests are mostly mixed. Scots 
pine is the dominant tree species on 64% of the forest land, spruce on 25%, while birch and other 
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deciduous species are dominant on 10% (Finnish Forest Association, 2017b). About 34% of forestry 
land consists of peatlands, the drying of which creates conditions for the spreading of the areas 
under forest (Finnish Forest Association, 2016). 
According to the data given by San-Miguel-Ayanz et al. (2018), forests in Finland are less 
endangered by fires in comparison with many European countries. Climatic and biogeographical 
conditions in Finland do not favor the spread of large wildfires (Vainio, 2001). In this country, 
anthropogenic influences cause over 70% of fires, while natural causes are below 10% (San-Miguel-
Ayanz et al., 2018). Natural causes are primarily lightning strikes, and Larjavaaraa, Pennanena, and 
Tuomib (2005) claim that positive strikes have a greater significance in this respect. 
For the research of fire risks, Finnish Forest Fire Index (Vajda, Venäläinen, Suomi, Junila, & 
Mäkelä, 2014), as well as Canadian Fire Weather Index (FWI) (Venäläinen et al., 2014) are used. The 
information for public and fire authorities about forest fire risks is provided by the Finnish 
Meteorological Institute (2015). The fire season in Finland is April–September (Vajda et al., 2014). 
The forest fire protection in Finland is considered well-organized and San Miguel-Ayanz et al. 
(2018) quote fire fighting means and information campaigns: 
• Finnish military forces NH 90 helicopters are available to extinguish forest fires; 
• More co-operation between other authorities such as the border guard; 
• Continuation of forest fire aerial officer education for fire officers; 
• Development of the forest fire index system. 
In many studies, forest fires in Finland are associated with climate changes, and there are 
projections until 2100 (Kilpeläinen, Kellomäki, Strandman, & Venäläinen, 2010; Mäkelä, Laapas, & 
Venäläinen, 2012; Mäkelä, Venäläinen, Jylhä, Lehtonen, & Gregow, 2014). Lehtonen, Ruosteenoja, 
Venäläinen, & Gregow (2014) state that by the end of the century, the average annual number of 
days with an increased fire risk could increase by 10–40%, depending on the applied greenhouse 
gases (GHG) scenario. Lehtonen, Venälaïnen, Kämäraïnen, Peltola, & Gregow (2016) have explored 
large fires and believe that their number could be doubled or even tripled during the century. They 
also state that large forest fires in Finland occur in May and June as a consequence of human 
activities, but later in summer, lightning is a more common cause. 
The main objective in this paper was to determine the correlation between forest fires in Finland 
and atmospheric oscillations: 
• the Atlantic Multidecadal Oscillation (AMO); 
• the North Atlantic Oscillation (NAO); 
• the Arctic Oscillation (AO). 
The objectives were also the trend analyses of: 
• the forest fires in Finland; 
• the air temperature in Finland. 
Data and methods 
The data on forest fires in Finland have been retrieved from the European Commission's report 
"Forest Fires in Europe, Middle East and North Africa 2017" (San-Miguel-Ayanz et al., 2018) and 
relate to the period 1996–2017. The data include: 
• the total annual number of forest fires; 
• the total annual surface area of burned forest; 
• the average surface area of forest burned per fire. 
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The average surface area of forest burned per fire was calculated as a ratio between the total 
annual surface area of burned forest and the total annual number of forest fires. The monthly and 
seasonal values of the explored atmospheric oscillations, as well as the data on the air temperature 
in Finland, have been downloaded from the Internet (Table 1). 
Table 1 
The sources of data used in the research 
Data Source 
AMO
a
 https://www.esrl.noaa.gov/psd/data/correlation/amon.us.long.data 
NAO
b
 https://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Data/nao.long.data 
AO
c
 https://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Data/ao.long.data 
Air temperature
d
 https://climateknowledgeportal.worldbank.org/download-data 
Note. 
a
NOAA/ESRL Physical Sciences Division (2019a); 
b
NOAA/ESRL Physical Sciences Division (2019b); 
c
NOAA/ESRL Physical Sciences Division (2019c); 
d
World Bank Group (2019). 
The AMO index is calculated on the basis of a natural variation in the sea surface temperature 
(SST) in the northern part of the Atlantic Ocean. It has a strong influence on the temperature in the 
northern part of the Atlantic basin (Europe and North America) (Wang, Lee, & Enfield, 2008). 
Delworth and Mann (2000) point out that the average cycle is about 70 years, and warm and cold 
phases from 20 to 40 years. 
The NAO index is based on the difference in sea surface air pressure between Island (low) and 
the Azores (high). It is characterized by positive and negative phases. In northern Europe, strong 
positive phases are connected with above-normal temperatures and above-normal precipitation 
over northern Europe. Strong negative phases of the NAO are typically connected with opposite 
patterns of temperature and precipitation (National Oceanic and Atmospheric Administration, 
National Center for Environmental Information, 2019a). 
The AO index is calculated on the basis of the difference in air pressure between about 45°N 
(high) and above the Arctic (low). It is also characterized by positive and negative phases. When the 
AO is in positive phase, there are strong winds circulating around the North Pole. In the negative 
phase of the AO, winds become weaker and the Arctic air masses penetrate southward more easily 
(National Oceanic and Atmospheric Administration, National Center for Environmental Information, 
2019b). 
Linear trends were determined for the given data sets. Statistical significance was determined on 
the basis of the number of elements (n−2) and the determination coefficient (R
2
). The research used 
t-test: 
t = R[(n − 2)/(1 − R
2
)]
−1
 
Pearson correlation coefficient (r) on the basis of a linear trend was used for the calculation of 
the correlation between forest fire data and climate indexes, and statistical significance was tested 
on p ≤ .05 and p ≤ .01. In addition, an analysis of periodicity was done (Lomb periodogram). 
Results and discussion 
The data set used in the research covers the period of 22 years (1996–2017). In this period, 
28,434 forest fires were recorded in Finland (an average of 1,292.5 per year). The largest number of 
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forest fires was recorded in 2006 (3,046) and the 
smallest in 1998 (370). A downward trend in the 
number of fires is not statistically significant 
(Figure 1). 
In the same period, in Finland, the total 
surface area of burned forest of 11,922 ha (an 
average of 541.9 ha per year) was recorded. The 
largest surface area of burned forest was 
recorded in 2006 (1,617 ha), and the smallest in 
2012 (87 ha). The downward trend was recorded 
and it was not statistically significant (Figure 2). 
The displayed data relate exclusively to forest 
land. Thus, in 2017, in Finland, the total burned 
area was 769 ha, out of which 460 ha was 
forest land. The average surface area of forest 
burned per fire was in the range from 0.19 ha 
(2015) to 0.72 ha (1997), almost without trend 
(flat trend) (Figure 3). 
Based on the data presented, it can be 
concluded that the fire threat in Finland is 
relatively smaller compared to many other 
European countries, especially the countries in 
the south of Europe (primarily Portugal, Spain, 
France, Italy, and Greece) (San-Miguel-Ayanz et 
al., 2018). 
The data presented in this paper refer to the 
period up to 2017. However, in 2018 numerous 
forest fires were recorded in Finland. In Pyhäranta 
fire in July, the burned area was close to 100 ha 
(Ministry of the Interior Finland, 2018). At the 
same time, in the neighboring Sweden, serious 
problems with forest fires were also recorded. In 
the summer 2018, more than 25,000 ha were 
burnt and almost 3,000,000 m
3
 of wood were 
destroyed in the Swedish forests (Johnsen, 2018). 
In the research of the climate impact on the 
forest fires in Finland, the AMO, the NAO, and 
the AO were considered. In the case of Finland, 
the basic problem is the lack of data on forest 
fires, namely their short series. That is why test 
trials have been carried out to determine 
whether more significant results can be 
expected in the future, with an extended 
database. Tests trials carried out with monthly 
and seasonal AMO values have not shown 
 
Figure 1. Annual number of forest fires in Finland 
(1996–2017) 
 
Figure 2. Annual burned forest area in Finland 
(1996–2017) 
Figure 3. Average burned forest area per fire in 
Finland (1996–2017) 
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significance. Unlike Finland, the impact of the AMO is significant in France (Milenković, Ducić, Burić, & 
Lazić, 2016) and Portugal (Milenković, Yamashkin, Ducić, Babić, & Govedar, 2017). In the case of the 
NAO, statistically significant values of the correlation coefficient were obtained for the August values 
and the surface area of burned forest (−0.44) and for the June values and the average surface area of 
forest burned per fire (−0.51), and for the AO for the May values and the average surface area of 
forest burned per fire (−0.45). In all the three cases, the correlation coefficient values were statistically 
significant at p ≤ .05. The connection between the June values of the NAO and the average surface 
area of forest burned per fire is also indicated by the Lomb periodogram. Four peaks are 
distinguished, and the match is at two, at 2.4 and 3.4 years. 
If trends of the average annual air temperature in Finland are observed, in the period 1996–2015, 
an increase at a rate of 0.0644 °C per year was recorded (statistically significant at p ≥ .05). For the 
spring, an increase at a rate of 0.1143 °C per year was recorded (significant at p ≥ .02). However, for 
the summer season, an insignificant negative trend (−0.0041 °C per year) was recorded. When it 
comes to summer temperatures since 1901, significant variations can be noticed. In the period 1901–
2015, the temperature grew at a rate of 0.0089 °C per year (significant at p ≥ .01). In the 1930s, the 
warm phase was present, so in the period 1933–2018, an insignificant increase (0.0017 °C per year)—
flat trend was recorded. So the warmest decade of 1997–2006 is for only 0.1 °C warmer than the 
decade 1932–1941. 
As far as the longer series are concerned, Mikkonen et al. (2015) established the rise of the mean 
temperature in Finland in the period 1847–2013 at a rate of 0.14 °C per decade. The authors state that 
in the period after the 1960s, it grew faster than ever before, and that the rise was the highest for 
November–January, and the lowest for the summer months. Tietäväinen, Tuomenvirta, & Venäläinen 
(2010) found, based on gridded temperature data, that for the past 100 years, the rise in the mean 
temperature was the highest in the spring, and for the last 50 years in the winter period. 
Parviainen (1996) states a decrease in the occurrence of forest fires in Finland during the last 
decades of the 20th century. It is explained by the changes in land use and more efficient fire 
prevention, as well as by a better control. The same author advocates the application of prescribed 
burning, which he considers important for biodiversity and the regeneration of forests. Suffling (1992) 
believes that the increased frequency of the fire would favor the species that inhabit younger forests 
than those in older forests. In Finland, there is also a well-developed network of forest roads (120,000 
km), which provides access for firefighters and presents an obstacle to the rapid spread of fire. In this 
respect, fragmented forest ownership is also important, and the average size of separate parts of 
forest is from 2 to 3 ha. In this way, the rapid transfer of crown fires is prevented (Kauppi, 2018). 
The expansion of the forest fire database in the future will enable more detailed and more precise 
research. In the case of Finland, the impact of Northern hemisphere teleconnection patterns on 
temperature extremes (Irannezhad, Moradkhani, & Kløve, 2018) should be taken into account, and 
temperature extremes may be linked to forest fires. Research on the impact of the solar activity on 
forest fires should also be planned, bearing in mind the results obtained by this approach (Milenković, 
Radovanović, & Ducić, 2011; Radovanović, Vyklyuk, Milenković, Vuković, & Matsiuk, 2015; Radovanović 
et al., 2015, 2019). 
Conclusion 
In the investigated period (1996–2017), 28,434 forest fires were recorded in Finland (an average of 
1,292.5 per year), while 11,922 ha of forests were burned (an average of 541.9 hectares per year). In 
both cases, statistically insignificant downward trends were recorded. It has also been found that 
Milenković, M. et al.: Forest fires in Finland – the influence of atmospheric oscillations  
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forest fires in Finland do not pose a particularly significant problem in comparison to other 
European countries. The reasons for this are primarily the climate conditions, well-organized forest 
fire protection and low density of population. 
The AMO, the NAO, and the AO were used in the investigation of the connection between the 
climatic influences and the fire data. Statistically significant values (p ≤ .05) of the Pearson 
correlation coefficient (r) were recorded for the August values of the NAO and the surface area of 
burned forest (−0.44), the June value of the NAO and the average surface area of forest burned per 
fire (−0.51) and the May AO values and the average surface area of forest burned per fire (−0.45). 
The Lomb periodogram for June values of the NAO and the average surface area of forest burned 
per fire shows four significant peaks, and the match is at two, at 2.4 and 3.4 years, which supports 
the hypothesis of the association of the NAO and forest fires in Finland. The main problem in these 
surveys was a short data series, so that the results obtained should be taken with a certain doubt. 
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